Balloon rupture during stent deployment is rare, and can cause stent damage upon its retrieval. We described a case of inadequate drug-eluting stent expansion in a fibrotic and calcified mid right coronary artery lesion despite pre-treatment with high pressure balloon inflation, with rupture and entrapment of the balloon within the stent. Attempts of retrieval of the ruptured balloon caused severe deformity of the distal segment of the stent. The stent could not be crushed or retrieved, and was left in situ. Angiographic follow-up at 8 months time showed widely patent vessel.
Introduction
Despite safety of new low profile, factory crimped drug-eluting stent (DES) and the pre-dilatation of calcified fibrotic lesions prior to stent deployment, stent expansion may be inadequate, and balloon rupture and entrapment can occur in those lesions [1] - [3] . In most of the cases, the ruptured balloon causes no significant adverse effects and can be retrieved easily, but it may cause major dissection, vessel perforation or rupture, myocardial infarction or death [4] [5] . In case of balloon entrapment and for slipped stents, broken wires or angioplasty products, multiple techniques for their retrieval have been described to decrease the risk of thrombosis by pre-venting foreign body remnants in the coronary tree [6] - [11] . Emergency surgery may be required if percutaneous techniques fail. In this case, we describe a case of rupture and entrapment of the balloon within the stent. Attempts of retrieval of the ruptured balloon caused severe deformity of the distal segment of the stent. The stent could not be crushed or retrieved, hence left in situ. Angiographic follow-up at 8 months time showed widely patent vessel.
Case Report
A 65-year-old male was admitted with acute coronary syndrome (ACS), Canadian cardiovascular society (CCS) class IV angina, of 2 week duration, with atherosclerotic risk factors such as age, hypertension, diabetes mellitus of 20 year duration, hyperlipidemia of 14 year duration, and smoking.
He had history of ischemic heart disease (IHD), limited inferior wall myocardial infarction (IWMI), severe triple vessel coronary artery disease (CAD), for which he underwent coronary artery bypass graft (CABG) surgery in 2004 with left internal mammary (LIMA) graft to left anterior descending (LAD) and reversed saphenous vein graft (RSVG) to obtuse marginal (OM) and posterior descending artery (PDA) of right coronary artery (RCA).
He was admitted with stable angina in 2007 and had coronary angiography showing normal left main, 100% chronic total occlusion (CTO) of LAD, with patent LIMA graft to LAD, tight proximal left circumflex (LCx) lesion and 70% long OM lesion, with long chronic total occlusion in proximal RCA, with multiple distal RCA tight lesions seen from collaterals to distal RCA. Both vein grafts were totally occluded. He was managed with maximizing medical therapy, and remained asymptomatic until his recent presentation.
He was treated with subcutaneous enoxaparin (Clexane), intravenous (IV) tirofiban (Aggrastat), IV nitroglycerin and clopidogril (Plavix) 600 mg loading dose. His vitals were normal. His 12-lead electrocardiogram showed normal sinus rhythm, old IWMI, and 2-dimensional echocardiogram showed left ventricular ejection fraction (LVEF) of 55% with mild diaghragmatic hypokinesia.
His coronary angiogram was done next day, showing progression of circumflex artery lesion to subtotal occlusion, tighter OM lesion, and more sluggish flow to distal RCA, with patent LIMA graft (Figure 1) .
The LCx/OM lesions were dilated, and then implanted with two overlapping 2.5 × 20 mm Supralimus-Core sirolimus-eluting biodegradable polymer coated cobalt-chromium stents (Sahajanand Medical Technologies Pvt. Ltd., India). The lesion was post dilated with 3 × 15 mm HPB Avance (Avance Medical, USA) with good final results (Figure 2) .
The RCA was completely occluded chronically. The RCA lesion was crossed with some difficulty with 0.014 high standard wires, which stopped before the crux. It was dilated with 1.25 mm balloon, which was used to support the wire to cross the distal RCA occlusion. The multiple lesions in RCA were gradually dilated with 1.5, 2.0, and then 2.5 mm Avance high-pressure balloon (HPB) (Figure 3) . The mid RCA long lesion was stented with 2.5 × 36 mm long Supralimus-Core stent deployed at 16 atmospheres (atm). It was noted that the distal stent was not fully expanded, at a calcified site despite pre-dilatation with HPB (Figure 4) .
The decision was to deploy a proximal stent first then dilate both stents with HPB. A proximal stent was deployed successfully at 16 atm. A HPB (Avance 2.5 × 15 mm) was crossed easily through distal stent and inflated, but ruptured at 18 atm (RBP 20 atm), causing mild intimal dissection, and was stuck within the stent.
Attempt of rapid inflation and deflations of the balloon and advancing it did not help to free the balloon from the stent, and the patient was having chest pain, but hemodynamically stable. A 0.014 wire could not be passed around the ruptured balloon. With the proximal well deployed stent, the guiding catheter was deeply engaged, and the balloon was pulled back intact from the RCA, but with the wire stuck to the ruptured balloon. The chest pain subsided, and angiogram showed mild intimal dissection, the thrombolysis in myocardial ischemia (TIMI III) flow distally, but markedly deformed distal half of the distal stent ( Figure 5) . The decision was to pass a wire through the deformed stent and crush it against the wall, and re-stenting the area to prevent protruding foreign body in the lumen, which may cause thrombosis. Trying to snare the deformed stent was not an option, because it may cause severe damage to the vessel, especially that the proximal part of the stent was deployed well, and the presence of proximal stent.
After multiple attempts, a 0.014 percutaneous transluminal coronary angioplasty (PTCA) wire was passed across the deformed stent to distal RCA, but several attempts to pass 1 mm CTO balloon Synexmed (Shenzhen) failed despite deep engagement of guiding catheter, and failure to pass another wire. The proximal part of the deformed stent and proximal stent were re-dilated again with 3 mm HPB, with again failure to pass another wire and 1 mm balloon across the deformed segment (Figure 6 ).
Over 45 minutes there was no change in flow, and the decision was to leave the deformed stent in situ. He was continued on Aggrastat (tirofiban) for 48 hour with subcutaneous enoxaparin, after procedure and discharged home on medical therapy. The patient was followed up regularly and remained asymptomatic. He underwent coronary angiography at 8 months, as part of ongoing study, which showed fully patent stents in LCx and RCA (Figures 7 and 8) .
Discussion
Balloon rupture during PTCA has been reported in 3.6% of cases [1] . The causes of rupture include exceeding rated burst pressure during balloon inflation, faulty manufacture, and puncture by protruded stent strut, especially true for manually crimped stents, which is rarely used now except in Szabo technique in bifurcational lesions [1] - [5] . It can occur during dilatation of a calcified lesion, or within un-evenly expanded stent, which is the most likely cause of balloon rupture in our case. This is decreased by proper preparation of the lesion by rotablator, cutting balloon, or rarely laser ablation [6] - [9] , and like in our case high pressure balloon, documenting full balloon expansion prior to deployment of the stent.
Balloon rupture can be in the form of micro-perforation, longitudinal, or transverse rupture. In most of the cases, it causes no adverse sequelae, but it can lead to variable degree of intimal dissection, vessel rupture, or like in our case balloon entrapment in the vessel, or within a stent. Based on the location of the entrapped remnant, it can lead to significant hemodynamic compromise, MI, or death. It may require urgent management to prevent these complications.
Several percutaneous techniques have been described to retrieve intracoronary angioplasty catheters remenants such as broken PTCA wires, slipped stets, entrapped balloons, rotablator burrs, intravascular ultrasound catheters, and flow wires. Presence of these fragment can cause major adverse events, including vessel perforation, occlusion, or infection [10] - [14] . These techniques vary depending on the remnant and its locations in the coronary tree as well as ease or risks of attempting to retrieve it. These techniques include the use of simple twirling of 2 PTCA, 0.014 wires to retrieve remnants of PTCA wires or slipped stents, the use of PTCA balloon to retrieve slipped stents, or free an entrapped balloon, the use of different types of snares to help catch and remove most of the lost items, and the use of bioptomes, especially if the location of the lost item is proximal in the coronary artery. For slipped or de-formed stent, it can be crushed by a balloon and covered by another stent.
For an entrapped balloon, the initial step is to try rapid inflation and deflation of the balloon, preferably with power injector, then trying to push the balloon forward to free it, and then pulling it back, if that fails, an attempt to inflate a balloon beside the damaged balloon to free it, if at all possible to push a wire around it. Deep engagement of the guiding catheter and pulling back the balloon forcefully may succeed, but carries the risk of vessel dissection, and fracture of the balloon shaft, which usually occurs at the site of wire exit in monorail catheters. It can also lead to underlying stent damage like in our case. For each percutaneous technique, the operator should be familiar with the device used and carefully assess risks and benefits of the procedure. Preparation of the heavily calcified or fibrotic lesion is ideal before stenting, and that is not in our center.
In our case, forceful retraction of the balloon was successful, but it caused deformity to the distal part of the stent. The usage of snaring was not the choice since the proximal part of the stent was well deployed, and it could cause major dissection at the area, and damage to the proximal stent. The option of crushing was chosen, but unfortunately the smallest balloon could not cross the deformed stent.
If all percutaneous techniques fail, then emergency coronary artery bypass surgery is needed if there is a major risk of vessel occlusion, especially with hemodynamic compromise. The incidence of emergency bypass surgery had declined dramatically from 2.9% in the pre-stent era to 0.7% in the early stent era, and 0.3% in the current stent era. Despite that, the hospital mortality of emergency surgery remained high at 10% -14% [15] - [18] .
In our case, the patient was asymptomatic, had no change in TIMI flow in 40 minutes, and had already old partial inferior MI, and previous CABG surgery, giving a high risk for redoing surgery, so conservative therapy was elected.
Under-expansion, or deformation of coronary stent increases the chance of stent restenosis and thrombosis [19] , but it is possible that the adequate blood flow around the deformed distal stent intra-luminal segment, had provided enough wash-out to prevent stent thrombosis. The follow-up angiogram showed widely patent deformed stent, which was not reported before.
